INTRODUCTION
There is considerable interest in the contribution of secondary reactions of smoke components to the complexity of cigarette smoke condensate (CSC). It is known that nitric oxide can give rise to other oxides of nitrogen as aging artifacts (1 ). There is an example of one such secondary product, dinitrogen tetroxide, reacting with methanol to give methyl nitrite, another artifact (2) . There is other evidence that the apparent level of cated10l in experimental cigarettes may be lowered by formation of 4-nitrocatedl.ol in cold traps (3) . Crotonaldehyde has been implicated in the formation of norbornene derivatives as artifacts derived from Diels-Alder reactions in condensed cigarette smoke (4) . In large scale !ftemical investigations of CSC, there are additional opportunities for artifact formation during solvent processing and fractionation (5) . It has been demonstrated that changes occur in CSC depending on time or temperature of storage (6) . The actual incorporation of solvent into an artifact has not been reported, but is a logical possibility due to the high reactivity of smoke components and the abundance of the solvent during processing or fractionation. We now report the observation of three compounds which have not been reported previously in smoke and which are shown to be artifacts formed by reaction of acetone with CSC. The compounds, cis-and tram-2,6-dimethyl-4-piperidone, and 2,2,6-trimethyl-4-piperidone, may be indicative of other artifacts present in CSC processed with acetone as the solvent. Since acetone is used routinely by many groups in processing CSC, we wish to stress the importance of possible artifact formation in CSC.
EXPERIMENTAL
Cigareues were smoked with a Borgwaldt 30-port smoking machine into an Elmenhorst trap kept at -79 °C with a dry-ice/acetone bath (7) . Standard smoking conditions were used: one 35 ml puff per minute of two (8) . 1 8Carbon (lSC) and proton (lH) nuclear magnetic resonance (nmr) spectra were recorded on a Varian XL-100 or Brucker WP-80 instrument. Infrared (ir) spectra were obtained with a Digilab FTS-14 system, while high resolution mass spectra were recorded with an AEI MS-30 instrument at Shrader Analytical Laboratories, Detroit, Michigan. Acetaldehyde determinations were made by a modification of the method used by Vilcins et al. (9) . Measurements of pH were made by suspending 1.0 g of CSC in 100 ml distilled water and measuring the pH with a Corning Model 110 meter. Mainstream ammonia determinations were made by smoking into acid and using the Berthelot colorimetric method. Nitrate nitrogen was determined by using a modification of Kamphake'~ method (10).
SYNnlESIS AND ANALYTICAL DATA
The physical properties of the synthetic and isolated components were identical in all respects.
2,2,6-Trimethyl-4-piperidone [1}:
The procedure of King et al. (11) was modified in the following way: To 10 g (0.049 mol) diacetoneamine oxalate was added 15 g (0.13 mol) diethyl acetal and 40 g sec-butyl alcohol. The mixture was refluxed for three hours, cooled to room temperature, and the salt filtered. The filter cake was washed with ethanol and air dried. The dry cake was dissolved in 13 ml H~ and added to 45 ml 12 N DOI: 10.2478/cttr-2013-0449
NaOH. AA:er stlrnng for 36 hours, the mixture was extracted with 300 ml ether and the ether dried over MgS04. (12) . The reaction was exothermic and the temperature rose to 57 °C. After saturation was complete the reaction mixture was allowed to cool to room temperature and refrigerated for 25 hours. The residue was refluxed with 700 ml of lOOfo HCl for 48 hours, with slow evolution of C02. After removing the solvent on a rotary evaporator, 250 ml of lOOfo Na2COs was added and the basic solution extracted with CHCls (3 X 200 ml). The combined organic layers were dried over Na 2 S0 4 , and the solvent removed on a rotary evaporator to give 27 g of crude piperidone. Distillation gave 7.9 g (12.5°/o) of a clear, colorless liquid (boiling point 75-77 °C/15 torr). Combined gc/ms indicated that two isomers were present, although the literature claims that only one isomer is produced (12) . Separation of the isomers was completed by preparative gc on a 10' X 1 /4" outside diameter copper column packed with 5 Ofo SP-1000 on 80/100 mesh Supelcoport operating isothermally at 140 °C. The major isomer was the first to elute and subsequently was found to be the cis isomer [2] .
Spectral data
Cis isomer [2] : Trans isomer [3] : 
RESULTS AND DISCUSSION
The initial step in the study of processed CSC was to partition it between methanol and cyclohexane. Examination of the methanol fraction of CSC from Burley tobacco with added nitrate (Burley + NOs)* by gc/ms
shows the presence of a large peak of unknown composition as well as several polar compounds identified in Figure 1 . A striking aspect in this gc profiling tedtnique was the absence of the unknown peak in the gc scan of a comparable CSC fraction from flue-cured Bright cigarettes. Consequently, isolation of the unknown was accomplished by the fractionation procedure shown in Figure 2 . We found that a thin layer dtromatography (de) step was necessary after the preparative gc step when it became evident that two compounds were present within the trapped gc peak. Separation on de using silica gel and CHCls/CH 8 0H (88/12, v/v) as solvent gave compounds with molecular weights (MW) of 141 and 127. These were found to be 2,2,6-trimethyl- Isolation procedure for 2,2,6-trlmethyl-and 2,6-dlmethyl-4-plperldonea. [ 
3] (trans: MW 127)
Hall reported the isolation of only the cis-dimethylpiperidone [2] from the reaction of diethyl-1,3-acetone dicarboxylate, acetaldehyde and ammonia (12) . Harper et al. isolated a single product following Hall's procedure and also showed that it was the cis isomer. This assignment was based on the isolation of two epimeric alcohols from reaction of the piperidone with phenyllithium, while the trans isomer could give only one alcohol (19) . We found that Hall's procedure gave a mixture of two compounds in about a 9:1 ratio. Based on the spectral data (.cf. Experimental) these were shown to be the cis and trans isomers [2] and [3] . Although stereochemical consideration would indicate that [ 2] ( diequatorial) would 210 be more stable than [3 ] , spectral data in the literature were inadequate for this distinction. Since both stereo-isomers were available, we were able to apply lH and 18C nmr methods to [2] and [3] to show that the major isomer was cis as Hall reported, but a small amount of the trans isomer is also obtained in this reaction. In order to confirni the structures of [2] and [3 ] , a comparison was made between model reference compounds (cis-and trans-1,3-dimethylcyclohexane (13) and cis-and trans-3,5-dimethylcyclohexanone (14)). In each of the model compounds the 18C nmr resonance of the cis methyl groups appeared from 1.5 . to 2 ppm further downfield than the resonance ofthe trans methyl groups. This comparison allowed us to assign tentatively the major isomer of the 2,6-dimethyl compound as the cis isomer. The alternate method involved the addition of methyl iodide to an acetonitrile-ds solution of the suspected trans isomer to form the iodide salt of 1,2,6-triniethyl-4-piperidone [ 4] .
[4]
On addition of acid to· [ 4 ] , the nitrogen inversion process was stopped and two resonances of equal areas could be. observed for the 2;6-methyl groups; one for the methyl cis to the N~methyl and one for the. methyl ) acetone is used in the processing step, a:nd (c) acetone was implicated as a reactant to produce 2,2,6,6-tetramethyl-4-piperidone as an artifact in a fungalextract (15) . The cigarette selected for studying the effect of acetone on CSC was again the Burley with. added nitrate, since a high level of [ 1] was found in the . p~ocessed CSC. After smoking the cigarettes and trapping the CSC as usual, the condensate was removed from the trap with methanol and cyclohexane, instead of acetone. The sample was subsequently processed by heating to 40 °C, followed by removal of solvent under ·reduced pressure (about 10. torr). A methanol/cyclohexane partition (see Figure 2 ) followed by gc analysis showed no evidence of [1] (<0.1 !lg/cigarette) in the polar fraction. These results suggest that a large excess of acetone is required to form significant amounts of [ 1] since there is some acetone present in fresh smoke from both Burley and Bright cigarettes (16) . The effect of other parameters on the yield of [ 1] was also investigated. Reagent grade acetone from several suppliers was evaluated; none was contaminated with acetaldehyde, and only the one found lowest in diacetone alcohol was used for further work. All sources of acetone resulted in considerable amounts of [ 1] in the processed Burley + NOs CSC. Reaction temperature and time were found to be important, giving good yields at 40 °C and two hours. Under these conditions reproducibly high yields were obtained, and these cop.ditions were used for all further work. Further proof that acetone was involved in the formation of [ 1 ] was provided by washing the CSC (Burley + NOs) from the trap with acetone-ds. After fractionating the sample, the mass spectrum showed that up to ten deuterium atoms had been incorporated in the isolated [1] . This supported the hypothesis that two molecules of acetone were incorporated into each molecule of [ 1] formed during processing. It is difficult to fully interpret the lH nmr results because deuterium scrambling could occur in the reaction process leading to [1] . Recognizing at this point that [ 1] was an artifact of CSC processed with acetone, we sought to identify the components in CSC which were involved in the reactions. We examined four other cigarette types in addition to the flue-cured and the Burley + NOi to quantitate
[ 1 ] - [3] in the processed CSC. These four tobacco types included the Kentucky Reference 1R1 blended cigarette, a flue-cured Bright cigarette with sodium nitrate added to the filler, a Burley cigarette {the control for the Burley with added nitrate), and a model cigarette which was known to deliver high levels of ammonia to the smoke. All types, with the exception of 1R1, were 85 mm cigarettes with a cellulose acetate filter. These choices were made to evaluate the importance of some obvious differences in flue-cured and Burley cigarettes, e.g. higher nitrate in Burley filler, higher ammonia delivery in Burley smoke, and higher pH of Burley smoke condensate. Quantitation of the piperidones was done by gc/ms of the polar fraction from processed CSC. Using the selected ion monitoring technique, isobutane was used as the reagent gas in the chemical ionization mode, and the mass spectrometer focused on the M + 1 ion (m/e 142 for [1] and m/e 128 for [2] and [3] ). Results of [2] and [3] are reported as a summation [2 + 3], since the ratio of cis to trans was consistently in the range of 95 :5 by this technique. The lower detection limit for [1] in these experiments was determined to be 2 ng. The calibration curves were linear in the sample range studied. The quantitations were done in this manner because of the coincidence of retention times for [1] and [2] . By using chemical ionization, with isobutane as reagent gas, the mass spectrum in the region of interest is virtually a one-peak spectrum, thus eliminating any interfering ions {17). The fact that the yields of piperidones from the various CSC types do not correlate well with the ammonia, acetaldehyde and nitrate levels shown in Table 1 suggests that the differences may also be due to the pH of the smoke condensate, since the pH could easily play a role in the extent of a reaction sensitive to acid or base involvement. The pH of the processed smoke condensate ofthe six test cigarettes was measured, and these values are also given in cessing, but the data in Table 1 and the necessity of acetone imp!y that the solvent, acetone, and the ammonia and acetaldehyde in the smoke are the piperidone precursors.
In order to demonstrate that acetaldehyde would be incorporated into [1] - [3] during processing, a sample of freshly trapped CSC was treated with 1BCH 8 1BCHO.
The double labeling would show the position of the label, by 18 C nmr spectra, and the ratio of the labeled to unlabeled component by mass spectra. Only the large gc peak corresponding to the 2,2,6-trimethyl-4-piperidone and cis-2,6-dimethyl-4-piperidone was trapped and This experiment strongly supports the proposed origin of the artifacts isolated from CSC.
In conclusion, the formation of 2,2,6-trimethyl-4-piperidone and cis-and trans-2,6-dimethyl-4-piperidone has been shown to be due to the solvent, acetone, reacting with ammonia and acetaldehyde in the CSC. A number of routes are available for the reaction to occur, and some of these are shown in Figure 3 for the 2,2,6-trjmethyl-4-piperidone. Even though these rea~tants are involved, others (e.g. crotonaldehyde) cannot be excluded on the basis of our experiments, since cigarette smoke and smoke condensate are complex mixtures which contain many reactive components. These results emphasize that in addition to the unavoidable reactions be- 
